Abstract. Sixteen (3,4-dichlorophenyl)-3-(substituted phenyl)bicyclo[2.2.1]hept-5-ene-2-yl) methanone derivatives have been synthesized by an aqueous phase fly-ash catalyzed [4+2] cycloaddition Diels-Alder reaction of cyclopentadiene and 3,4-dichloro phenyl chalcones. The yields of the methanones were greater than 60%. The synthesized methanones were characterized by their physical constants and spectral data. The antimicrobial and antioxidant activities of the synthesized methanones were evaluated using a variety of bacterial and fungal species and DPPH radical scavenging methods.
Introduction
Methanones are versatile key intermediates [1] and important bioactive molecules [2, 3] due to carbonyl tautomer's, presence of polar groups and the degree of hydrophilicity or hydrophobicity. Methyl ketones and bicyclo methanones possess many pharmacological activities such as, AVP release and activation of vasopressin receptors [3] , antimicrobial [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , cannabinoid receptor agonists [16] , neuronal nicotinic acetylcholine receptors (nAChRs) [17] , anti-inflammatory [12, 13, 18, 19] , analgesic [10, 19] , anticonvulsant [10, 19] , antitumor [19] , anticancer [10] , antiviral [19] , anti-diabetic [10, 20] , antitubercular [20] , antihelminthic [12, 20] , antidepressant [21] , ulcerogenic [18] , antinociceptive [10] , protein tyrosine kinase inhibitor [22] , DNA cleavage [23] , Alzheimer's disease curing agent [24] , antioxidant [25] , acute toxicity [18] , antihypertensive [10] and insect antifeedant activities [25] . Numerous solvent-free and solvent assisted synthetic methods with or without catalysts were reported in the literature for the synthesis of stereo selective monoand bicyclo-methanones [26] [27] [28] . Aqueous phase Diels-Alder reaction is one of the best reactions for the synthesis of bicyclo methanones. This reaction involves [4+2] cycloaddition of diene and dienophiles. Rideout and Breslow [29] have studied the aqueous phase reaction of cyclopentadiene and vinyl methyl ketones in water. Many catalysts including Lewis acids [29] , Brönsted acids [29, 30] , asymmetric catalysts with helical polymers [31] , Cu 2+ ion-mediated nanotubes [32] , DNA and micellarbased catalysts [33] [34] [35] [36] [37] , have been employed for this * E-mail: thirunarayanan.g.10313@annamalaiuniversity.ac.in; drgtnarayanan@gmail.com
[4+2] cycloaddition Diels-Alder reaction of cyclopentadiene (diene) and E-chalcones (dienophiles). Recently, Thirunarayanan has reported the synthesis and antimicrobial, antioxidant and insect antifeedant activities of some 2-naphthyl based bicyclo methanones [25] . The synthesis of 3,4-dichlorophenyl based-heptane[2.2.1]methanones by aqueous phase fly-ash catalyzed Diels-Alder reaction of cyclopentadiene and 3,4-dichlorophenyl chalcones has not been reported. Hence, the author have synthesize some 2-(3,4-dichlorophenyl)-3-(substituted phenyl)heptene[2.2.1]methanones and evaluated their antimicrobial and antioxidant activities using the appropriate microbial strains with Bauer-Kirby [38] and DPPH radical scavenging [39] methods.
Experimental

General
All chemicals were procured from Sigma-Aldrich and E. Merck. Fly-ash was collected from the Thermal Power Plant-II, Neyveli Lignite Corporation (NLC), Neyveli, Tamil Nadu, India. ) were recorded on Thermo Scientific Nicolet iS5, USmade Fourier transform spectrophotometer. The NMR spectra of selective compounds were recorded on a Bruker AV 400 spectrometer operating at 400 MHz for 1 H NMR spectra and 100 MHz for 13 C NMR spectra in CDCl3 solvent using TMS as internal standard. Electron impact and chemical ionization mode FAB + mass spectra were recorded with a Shimadzu spectrometer. The elemental analysis of all methanones were performed in a Perkin Elmer 240C analyzer.
Synthesis of 2-naphthyl chalcones
The substituted styryl 3,4-dichlorophenyl ketones were synthesized as described in reference [40] .
General procedure for synthesis of 3,4-dichlorophenyl bicyclo[2.2.1]heptene-2-ylmethanones
Appropriate equimolar quantities of 3,4-dichlorophenyl chalcones (2 mmol) in 15 mL of ethanol, cyclopentadiene (2 mmol) and 1 g of fly-ash in 20 mL of water were stirred for 6 h at 0-4C overnight (Scheme 1). Progress of the reaction was monitored by thinlayer chromatography. Dichloromethane (10 mL) was added and the extract was separated by filtration. The filtrate was washed with water, brine (10 mL), dried over anhydrous Na2SO4 and concentrated to give a solid product. The crude product was further purified by recrystallization with ethanol.
Infrared and NMR spectral data of methanones are as follows. 
Antimicrobial activity
The prepared bicyclo[2.2.1]heptene-2-ylmethanones were subjected to evaluate the antimicrobial activities by measuring the zone of inhibition against their bacterial and fungal strains.
Two gram-positive pathogenic strains (Staphylococcus aureus, Enterococcus faecalis) and four gram-negative strains (Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and Proteus vulgaris)
were applied for evaluation of antimicrobial activities. The Bauer-Kirby [38] disc diffusion technique was adopted at the concentration of 250 g/mL of compounds with ampicillin and streptomycin as standards. The disc diffusion technique was used for the evaluation of antifungal activity of ketones against Candida albicans strain and the dilution method was adopted for Penicillium sp. and Aspergillus niger strains. The dilution concentration of the compounds are 50 g/mL and Griseofulvin was employed as standard drug.
Measurement of antibacterial sensitivity
The Bauer-Kirby [38] disc diffusion technique was adopted for measurement of antibacterial sensitivity assay of all compounds. About 0.5 mL of bacterial test compounds were spread uniformly over solidified Mueller-Hinton agar. About 5 mm diameter of discs made from Whatmann No. 1 filter paper were placed on the medium with potential inhibitor solution. The plates were incubated for 24 h at 37 C upside down for prevention of collection of water droplets over the medium. Then the plates were examined and the diameter values (mm) of zone of inhibition were measured. The triplicate results were recorded.
Measurement of antifungal sensitivity
The Bauer-Kirby [38] disc diffusion technique was used for the evaluation of antifungal activity of synthesized methanones. The sterilized Potato Dextrose Agar medium was added to the Petri plates containing 1 mL of fungal strains. Uniform spread of the agar on the plates were performed by means of clock and anti-clockwise rotation of the discs. The test solution was prepared by dissolving 15 mg of the methanones in 1 mL of DMSO solvent and it was applied on the discs. This medium was incubated to solidify for 24 or 72 h at 25 or 28 º C. Then these plates were examined for the evaluation of antifungal activity by means of measuring the diameter (mm) of zone of inhibition. Triplicate measurement results were recorded.
Antioxidant activity
The DPPH radical scavenging activity technique [39] was used for the measurement of antioxidant activity of all prepared methanones. About 20 mL of sodium acetate buffer solution was prepared by dissolving 1.64 g of sodium acetate in 15 mL of water and 150 L of acetic acid, and the final volume was adjusted to 20 mL of water. About 50 mL of 0.2 mmol DPPH solution was prepared by dissolving 3.9 g of DPPH in 50 mL of ethanol. About 10 mL of -tocopherol solution was prepared by dissolving 1 mg of -tocopherol in 10 mL of ethanol. About 1.0 mL of buffer solution was mixed with 0.5 mL of DPPH solution in the test tubes and arranged serially. The test solution and -tocopherol solution were added to the test tubes and kept aside for 30 minutes at room temperature. The absorbance was measured on an UV-Vis spectrophotometer (Shimadzu-1650) at 517 nm. Mixture of sodium acetate buffer and ethanol was used as the reference. The plot was made with the quantity of the compound versus absorption and the IC50 values were determined. The antioxidant activity was expressed in terms of IC50 (g/mL, concentration required to inhibit DPPH radical formation by 50%). -Tocopherol was taken as a positive control.
The radical scavenging activity was calculated as:
Results and Discussion
The synthesis of 3,4-dichlorophenyl bicyclo[2.2.1]heptene-2-yl-methanone derivatives by aqueous phase fly-ash catalyzed Diels-Alder reaction with cyclopentadiene as the diene and E-3,4-dichlorophenyl chalcones as dienophiles was undertaken under solvent-free cooling conditions. During the reaction, the chemical species present in the fly-ash catalyzed the [4+2] cycloaddition reaction [25] . In this reaction the yield obtained was greater than 60%. The determined physical constants and mass fragments are presented in Table 1 . 
Antibacterial sensitivity assay
The disc-diffusion technique was followed using the Bauer-Kirby [38] method, at a concentration of 250 g/mL, with ampicillin and streptomycin used as the standard drugs. All methanones show antibacterial activities against their bacterial strains. The measured antibacterial activities of all methanones are presented in Table 2 . Compounds 3-6, 8, 11-13 
Antifungal sensitivity assay
The observed antifungal activities of all prepared methanones are presented in Table 2 . The study of antifungal activities of all methanones against Candida albicans showed that compounds 2, 3, 7 and 14-16 are most effective, with 20 mm zones of inhibition at 250 g/mL per disc, while methanones 4, 9 and 11-13 are moderately active with 13-19 mm zones of inhibition and compounds 1, 5, 6 and 8 were active with an 8-12 mm zone of inhibition. Compounds 7, 9, 12, and 14-16 are more effective against Penicillium species relative to compounds 1, 2, 3 and 11. The methanones 4-6, 8, 10 and 13 were active against the Penicillium sp. fungal strain. The zone of inhibition of ketones 2, 7, 10, 11 and 14-16 were most effective against Aspergillus niger relative to compounds 1, 3-5, 8 and 9. The ketones 6, 12 and 13 showed little effectiveness with a fungal strain. The presence of a halo, diethyl, dimethyl, fluoro, methoxy and nitro substituents appears to be responsible for the antimicrobial activities of methanones.
Antioxidant activity
The antioxidant activities of (3,4-dichlorophenyl)-3-(substituted phenyl)bicyclo[2.2.1] hept-5-ene-2-yl) methanone derivatives were measured using the DPPH radical scavenging method [39] . The observed antioxidant activities of methanones are presented in Table 2 . From the Table  2 , the hydroxy-and methoxy-substituted methanones (compounds 10 and 9) showed significant antioxidant activity. The other ketones including the parent compound showed lesser antioxidant activity.
Conclusions
A series of (3,4- 
